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TASK  I  -  THE  PRODUCTION  OF  PURE,  NEARLY  MONOSIZED,  PARTICULATE  NaLaSg 

P.E.D.  Morgan  . 

INTRODUCTION 

New  materials  with  high  transmittance  in  the  8  -  14  IR  region  and 
with  high  strength  and  thermal  shock  resistance  are  desired.  In  general,  the 
first  requirement  needs  materials  with  high  band  gaps  to  avoid  electronic 
absorption  effects  and  weak  bonding  with  heavier  atoms.  The  other  requirements 
are  satisfied  by  strong  bonding  and  are  therefore  basically  incompatible  with 
the  first.  Two  types  of  compromise  have  been  attempted.  In  one,  low 
coordinations  with  relatively  strong  covalent  bonding  such  as  for  ZnS  and 
ZnSiP2^  do  not  quite  give  the  desired  long  wavelength  transmittance  but  do  have 
better  thermal  shock  resitance.  The  other,  typified  by  the  prescient  choice  of 
CaLa2S4,^*‘^  is  based  on  the  use  of  many  weaker  ionic  bonds  with  high  coordinate 
cations  and  anions.  In  the  latter  case  thermal  shock  resistance  has  been 
unsatisfactory  (at  least  with  the  large  grain  size  material),  although  the  long 
wavelength  properties  are  extremely  promising,  while  still  unoptimized. 

Our  work  recognizes  the  need  to  produce  fine  grained  ceramic  with  grain 
size  of  less  than  ~  5  p,  whose  toughness  and  thermal  shock  resistance  should  be 
superior  without  degrading  the  transmittance.  To  achieve  this  using  the  new 
ceramic  paradigm  we  need  <  1  p  uniform  particles  of  the  material  and  we  probably 
must  hot'isopress  (HIP)  the  well  compacted  particles  at  temperatures  preferably 
<  ~  1000®C. 

With  this  in  mind,  we  used  CaLa2S4  as  a  prototype  to  test  fused  salt 
techniques'**^ ^  to  attain  useful  results  quickly.  Later  we  anticipated  expanding 
the  basic  technique  to  whatever  ceramic  optical  material (s)  were  the  best 
candidate(s) . 
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Experimental  and  Results 

A  series  of  runs  was  Initiated  to  determine  conditions  for  precipita¬ 
tion  and  recrystallizing  CaLa2S4  from  a  Na-Ca-La-S-CI  eutectic  melt.  Na2S 
itself  melts  at  IITS^'C  and  NaC1  at  SOl^’C;  the  eutectic  in  this  system  has  not 
been  determined  as  far  as  we  know  but  the  similar  case  of  Na2S-Na2C03(MP  856**C) 
has  a  eutectic  at  755*0.  It  is  reasonable  to  assume  a  eutectic  at  <  -  750®C  for 
the  Na2S-NaC1  system.  The  reaction: 

CaClg  +  2LaCl2  +  4Na2S  +  excess  Na^S 
CaLa2S^  8NaC1  +  excess  Na2S 

was  tried  with  varying  amounts  of  Ca,  La  and  Na  salts  weighed  out  and  mixed  in  a 
dry  box,  and  fired  in  a  lOOX  H2S  atmosphere  in  quartz  glass  boats  in  an  alumina 
tube  muffle  furnace  to  800  -  900“C.  Slight  melting  was  obvious  at  ~  800“C  and 
was  pronounced  at  900*C.  The  melts  were  initially  extracted  with  cold  water  in 
which  the  basic  Na2S-NaCl  eutectic  is  easily  soluble  and  the  remnant  powder 
rinsed  with  acetone  and  air  dried.  XRD  analysis  showed  the  presence  of  no 
CaLa2S4  but  the  obvious  presence  of  recently  discovered  rock  salt  structure 
NaLaS2^^  and  La202S  contaminant.  XRD  analysis  on  the  melts,  before  water  ex¬ 
traction,  indicated  that  La202S  was  already  present  and  was  not  a  decomposition 
product  of  water  reactions.  Many  runs,  changing  the  relative  amounts  of  Ca,  La, 
Na,  showed  no  sign  of  giving  more  than  traces  of  CaLa2S4,  but  always  NaLaS2  was 
a  major  component.  The  by-product  La202S,  a  sign  of  contaminant  oxygen,  was 
greatly  reduced  but  not  eliminated  by  long  slow  heat-ups  with  excess  H2S. 

The  greater  ease  of  formation  of  NaLaS2  and  the  fact  that  it  survived 
the  water  washes  (and  even  boiling  water  for  30  minutes)  suggested  that  it  is  a 
more  stable  compound  (i.e.,  more  negative  t£)  than  CaLa2S4  and  might  be  a  worthy 
candidate,  at  the  least  for  testing  out  the  approach,  and  at  best  a  real  IR 
candidate.  Having  a  6:6:6  somewhat  ionic  coordination,  it  is  a  compromise 
between  the  types  discussed  earlier. 
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For  the  next  tests  the  almost  irreducibly  simple  reaction: 

H  S 

4Na2S  +  LaClj  ---  NaLaSg  +  2Na2S  +  3NaCl 

eutectic  liquid 

was  tried.  Approximately  90%  pure  NaLaS2  with  ~  10%  La202S  was  always  produced; 
changes  in  the  ratio  of  Na:La  or  extra  times  in  H2S  did  not  seem  to  improve  the 
purity.  Indeed  with  large  excess  of  Na2S,  an  unknown  compound,  which  we  suspect 
could  be  something  like  NagLaS4,  and  v4)ich  is  unstable  with  water,  appeared 
also. 

The  nagging  problem  of  by-product  La202S  was  solved  by  replacing  the 
H2S  stream  with  argon  plus  CS2.  Argon  was  merely  bubbled  through  CS2  liquid  in 
a  glass  jar  before  passing  over  the  mixtures  throughout  the  heating  and  cooling. 
It  was  reasoned  that  carbon  might  be  formed  but  that  if  this  occurred  then  the 
carbon  would  form  a  removable  layer  on  top  of  the  melt.  In  fact  carbon  was  not 
seen  and  the  La202S  contaminant  was  removed.  Substantially  pure  NaLaS2  was 
easily  produced. 

After  extraction  with  water,  no  La202S  was  seen  by  XRD,  but  in  future 
work  the  eutectic  melt  will  be  dissolved  by  soxhleting  with  {m)ethanol  or  THF. 
SEM-pictures  (Fig.  1)  of  the  product  indicate  that  Indeed  we  can  produce  narrow 
size  distributions  of  NaLaS2>  resulting  from  the  Ostwald  ripening  phenomenon  in 
the  melt.  The  particles  may  be  showing  some  incipient  cubic  faceting  and 
perhaps  some  superficial  decomposition  which  should  be  eliminated  by  the  organic 
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TASK  II  -  COMPRESSIVE  THIN  FILMS  FOR  INCREASED  FRACTURE  TOUGHNESS 
P.H.  Kobrin  and  A.B.  Harker 

Work  on  Task  2  has  focussed  on  determining  the  effects  of  compressive 
surface  layers  on  the  measured  fracture  toughness  of  the  bulk  substrate.  In  the 
Initial  experiments  single  layers  of  SI3N4,  AIN,  and  AI2O3  were  deposited  onto 
glass  substrates  to  determine  If  a  measurable  effect  upon  fracture  toughness 
could  be  obtained.  These  tests  were  designed  as  a  proof  of  principle  as  the 
substrate  and  film  materials  are  not  candidates  for  LUIR  applications,  and  were 
selected  for  their  ready  availability  and  the  fact  that  glass  gives  reproducible 
measurements  of  Indent  hardness  and  fracture  toughness.  The  Vickers  Indent 
method  was  used  since  Its  application  to  fracture  toughness  and  hardness  deter¬ 
mination  has  been  well  studied. In  addition  the  compressive  stress  of  the 
films  was  Independently  measured  using  a  sensitive  bending  plate  technique  with 
capacitive  detection. The  goal  Is  to  have  a  model,  perhaps  empirical,  that 
would  relate  the  Increased  fracture  toughness  of  a  given  substrate  from  a  thin 
film  of  a  given  stress  and  thickness. 

Single  compressive  layers  of  SI3N4,  AI2O3,  and  AIN  were  deposited  onto 
room  temperature  glass  substrates  to  thicknesses  of  500  -  10, 000 A  by  reactive 
Ion  beam  deposition. 

With  an  uncoated  substrate,  there  Is  a  1-2  decade  range  of  loadings 
over  which  the  Vickers  Indentation  technique  can  be  expected  to  yield  a  good 
measure  of  the  materials  fracture  toughness,  K,  This  range  varies  with  differ¬ 
ent  materials  as  does  the  range  of  crack  lengths.  However,  within  this  useful 
range,  the  measured  fracture  toughness  remains  relatively  constant  and  Is  In 
good  agreement  with  other  bulk  fracture  toughness  tests. 

With  the  addition  of  a  thin  compressive  overlayer,  the  situation 
changes.  On  glass,  these  <  1  pn  thick  films  are  considerably  thinner  than  the 
penetration  depth  of  the  Indenter  (10-20  pm)  or  the  length  of  the  radial  cracks 
(<80  i<n).  However,  the  measured  fracture  toughness  becomes  a  decreasing  func¬ 
tion  of  Indenter  load,  that  asymptotically  approaches  the  bulk  fracture  tough- 
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ness.  The  onset  of  cracking,  the  minimum  load  necessary  to  produce  an  observ¬ 
able  radial  crack,  also  Increases  dramatically.  Thus  the  compressive  film  has  a 
proportionally  larger  effect  on  the  smaller  Indents. 

The  results  of  the  fracture  toughness  measurements  on  glass  are  shown 
In  Fig.  2.  It  can  be  seen  that  the  increased  fracture  toughness,  taken  to  be 
the  1.0  kg-load  Intercept,  Increases  linearly  with  film  thickness.  In  addition 
the  slopes  are  In  the  order  MN  >  Si3N4  >  AI2O3. 


8C35380 


THICKNESS  (A) 


Fig.  2  Increased  toughness  of  glass  with  films. 

Stress  measurements  made  with  the  bending  plate  technique  gave  values 
of  15  X  10^  dyne/cm^  for  SI3N4  and  2  x  10®  dyne/cm^  for  AI2O3.  An  example  Is 
shown  In  Fig.  3.  The  AIN  stress  measurements  proved  to  be  erratic  due  to  oxygen 
contamination.  Comparing  results  we  find  that  the  SI3N4  films  have  6.5  to  7.5 
times  more  stress  than  the  AI2O3  films  ti^lle  the  fracture  toughness  of  the  SI3N4 
coated  glass  Increases  5  to  6  times  faster  with  thickness. 
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>  100 


THICKNESS  (A) 

Fig.  3  Stress  induced  by  an  ion  beam  sputtered  AI2O3  coating. 

Thus  the  fracture  toughness  appears  to  increase  linearly  with  the  total 
film  stress  but  is  independent  of  the  film  thickness  necessary  to  provide  that 
stress.  This  is  in  disagreement  with  the  fracture  mechanics  based  model  of  Lawn 
and  Fuller^^  which  has  been  used  to  model  the  decreased  fracture  toughness  of 
ion  irradiated  glass.  In  that  model  the  change  in  fracture  toughness  is  propor¬ 
tional  to  the  total  stress  divided  by  the  square  root  of  the  layer  thickness. 

Attempts  to  extend  these  studies  to  spectroscopic  grade  ZnS  (Clear- 
trans)  which  is  a  LWIR  material  proved  futile  as  the  indentation  technique  does 
not  work  well  with  the  size  grains  present  in  the  Cleartrans.  Further  studies 
on  the  smaller  grained,  yellow  ZnS  are  therefore  planned. 

Results  of  current  work  will  be  reported  at  the  SPIE  30th  Annual 
International  Technical  Symposium,  San  Diego,  California,  August  17-22,  1986. 
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